ABSTRACT. Small-scale fishers and aquaculturists in the global south often face reinforcing feedbacks between resource degradation and livelihood impoverishment, a situation conceptualized as a social-ecological trap. It is argued that these traps can be overcome through income diversification, i.e., livelihoods that are maintained from variable income sources. Our aim was to further scrutinize that claim using the concept of response diversity. To do so, we applied the concept and analyzed income diversification in the Tam Giang lagoon, central Vietnam. Based on our analysis, we argue that high diversity in income activities does not necessarily lead to an escape from social-ecological traps. Although diversity in income activities in the case of the Tam Giang lagoon is relatively high, fisheries-and aquaculture-related income activities continue to dominate livelihood portfolios. The various gear and structures that these activities include all exploit the same ecologies, habitats, and niches of the lagoon. This finding triggers questions concerning the relative contribution of income activities to household income, but also how activities are (differently) connected to natural environments. Income diversification can only sustain natural resources and improve human well-being if it truly transforms livelihoods by connecting local users in new ways to ecologies and societies.
However, an increasing deterioration of marine and estuary resources negatively impacts the resilience of both livelihood activities and contributes to further impoverishment (Barbier 2015) . Of all the fish stocks globally, 61.3% are currently fully fished, 28.8% are overfished, and only 9.9% are underfished (FAO 2014) , while aquaculture contributes to the loss of valuable ecosystems such as mangrove forest and ecosystem services (ESs) such as freshwater (van Wesenbeeck et al. 2015, Marschke and . Consequently, many fishers and aquaculturists in the global south struggle with reinforcing feedbacks between resource degradation and livelihood impoverishment, a situation that often resembles a social-ecological trap (Cinner 2011 , Kittinger et al. 2013 , Laborde et al. 2016 ).
Social-ecological traps refer to "situations when feedback between social and ecological systems lead toward an undesirable state that maybe difficult or impossible to reverse" (Cinner 2011:835) . The reinforcing feedback between environmental change and human response is the causal mechanism that makes a trap deterministic (Fraser et al. 2003 . A classic example of a social-ecological trap is the so-called povertyenvironmental degradation nexus (Duraiappah 1998 , Dasgupta et al. 2005 , Cumming et al. 2014 , which, stripped of its inherent complexity and context dependence, is captured in the following statement: "Poor people are forced to overuse environmental resources to survive from day to day, and the impoverishment of their environment further impoverishes them, making their survival ever more difficult and uncertain" (World Commission on Environment and Development 1987:27) .
Lack of alternative income is frequently considered as a central mechanism producing trap dynamics between poverty and resource degradation in both development economics and sustainability science (Haider et al. 2018 ). Income diversification is therefore recognized as a strategy for dealing with resource degradation and poverty (Ellis 2000, Allison and Ellis 2001) . Income diversification has been explored in fisheries literature, yet studies have focused on social benefits, such as income increase, improvement in well-being, and reduction of conflicts over resources (Allison and Ellis 2001) . The exclusive attention to social effects can overshadow how an increase of social resilience can occur at the expense of ecological resilience . Moreover, there are a great variety of ways in which people diversify their income or livelihoods , Haider et al. 2018 . It follows that different types of income diversification also have different social and ecological impacts.
Our aim is to further scrutinize the claim that income diversification can help resolve trap dynamics related to poverty and environmental degradation in small-scale fisheries and aquaculture in the global south. For this purpose, we apply the concept of response diversity in a case study of the development of fishers' and aquaculturists' livelihoods in the Tam Giang lagoon, Vietnam. The concept of response diversity allows us to consider the various ways in which income diversification is interdependent with social-ecological dynamics beyond the rural household and livelihoods. Moreover, because response diversity is theoretically linked to resilience, the concept also helps us to Generally, diversity is understood as a basic principle of resilience in social-ecological interactions (Elmqvist et al. 2003 , Biggs et al. 2012 . Sustainability scientists emphasize the importance of diversity because their ecological studies demonstrate how variability in behavior of organisms structures the natural environment. The idea is that "what organisms do" is functionally related to system-level properties of ecosystems, such as resilience; this is why ecologists often talk about "functional diversity" (Petchey and Gaston 2006) . When they focus more specifically on the variability in how organisms respond to environmental change, they use the term "response diversity." Response diversity is then defined as "the diversity of response to environmental change among species that contribute to the same ecosystem function" (Elmqvist et al. 2003:448) .
Recently, the term response diversity has been applied in the social sciences as well to express the variation of human decisions and actions to environmental changes. Here, response diversity is used to capture the notion that "not all actors respond the same way to challenges, opportunities and risks" (Leslie and McCabe 2013:1) . Response diversity is often preferred over functional diversity for the analysis of human social behavior because the former is applied to understand between-species variability, whereas the latter refers to within-species variability (Leslie and McCabe 2013) . Moreover, a focus on functional diversity does not align as well with social science approaches that are critical of explaining behavior solely in terms of its functional relevance for maintaining social-ecological structures or systems (Fabinyi et al. 2014 , Orr et al. 2015 . With its connection to resilience, the term facilitates consideration of how social diversity is interdependent with wider social-ecological interactions (Mori et al. 2013) .
It is through its connection to resilience that we believe response diversity can be useful for assessing the effect of income diversification on trap dynamics. Trap dynamics refer to interactions between social and environmental factors that are resilient, i.e., interactions that have become rigid and withstand change. It follows that it is essential to assess how response diversity affects resilience. Leslie and McCabe (2013) argue that response diversity among human populations could increase diversity. As they state, "Response diversity within and among human communities introduces the possibility of 'heterogenization' of the landscape in some cases, which could in turn either increase or decrease species diversity at given scales" (Leslie and McCabe 2013:128) . That is to say, through increasing diversity, response diversity contributes to the resilience of social-ecological systems. However, the interrelation between diversity and resilience is complex and uncertain. With the example of the interrelation between diversity and resilience of ESs, Kotschy et al. (2015) theorize that diversity may begin to outweigh its positive benefits on adaptive capacity when it comes across a certain threshold. With the case study of the Tam Giang lagoon, we explore empirically if and how types of income diversification can become an impediment for adaptive capacity of smallholders in dealing with environmental change (Darnhofer et al. 2016 ).
As Kotschy et al. 2015 (using Stirling 2007 point out, there are several aspects of diversity that need to be considered when the aim is to assess the impact of (response) diversity. Diversity can be described in the number of elements present (variety), their relative abundances (balance), or the extent to which they differ from each other (disparity). They even describe livelihood diversity in these terms, i.e., "as the number of options available (variety); the extent to which each option is currently practiced (balance); and the degree of difference between the options (disparity)" (Kotschy et al. 2015:52) . All three aspects of diversity affect resilience.
In our case study, we use the concept of response diversity to assess the effect of income diversification on trap dynamics related to poverty and environmental degradation in small-scale fisheries and aquaculture in the Tam Giang lagoon. This lagoon has been identified as an example of a social-ecological trap.
A SOCIAL-ECOLOGICAL TRAP IN THE TAM GIANG LAGOON
The Tam Giang lagoon, the biggest lagoon of Southeast Asia, is located in Thua Thien Hue province, along the north central coast of Vietnam (Fig. 1) . It spans about 70 km in length and measures 20,000 ha in size. The lagoon receives freshwater from inland rivers Ecology and Society 23(3): 16 https://www.ecologyandsociety.org/vol23/iss3/art16/ and connects with the South China Sea through two estuaries. The exchange between freshwater and saltwater creates a rich biodiversity and biomass (Anthony et al. 2009 , Tuyen 2010 . The lagoon is a crucial source of income for many inhabitants in the province. It is estimated that 30% of the provincial population earns its living through fisheries and aquaculture (Phap et al. 2002 . The Tam Giang lagoon is said to represent a larger population of lagoon areas in Southeast Asia that experience trap dynamics related to ecological degradation and impoverishment of well-being , Huong and Berkes 2011 , Boonstra and Nhung 2012 , Armitage and Marschke 2013 , Andrachuk and Armitage 2015 , Boonstra and Hanh 2015 , Ho et al. 2015 . Armitage and Marschke (2013) were probably the first to claim that the lagoon had entered a social-ecological trap. Because the historical origins and persistence of the socialecological trap in the Tam Giang lagoon have been described in detail elsewhere , Armitage et al. 2011 , Boonstra and Nhung 2012 , Ho et al. 2016 , we present only a summary (Fig. 2) .
Fishing is the traditional livelihood of the lagoon inhabitants. Many of them used to be sampan dwellers, i.e., landless people who lived on boats permanently but since 1985 have settled on land (DaCosta and Turner 2007) . Fishers are conventionally categorized into two groups: so-called fixed fishers and mobile fishers. Fixed fishers are those who use stationary fishing gear, e.g., stake traps and bottom nets. They put their gear permanently into the lagoon and have an exclusive right to the occupied areas. Mobile fishers use mobile fishing gear, e.g., gill nets and steel-framed bottom traps. They can only put their gear in places in the lagoon that are not occupied by fixed fishing gear and aquaculture. Because fixed fishers can claim exclusive rights to designated areas in the lagoon, they are better able to secure catches and profits. For this reason, they are generally considered as better off compared with mobile fishers for whom access and control of lagoon resources is much more insecure (Tuyen 2002 ).
Prior to 1975, the management of lagoon resources was decentralized to so-called van chai, organized groups of fishers having the same residential registration and using the same type of fishing gear (Nguyen and Ruddle 2010) . Van chai leased out fishing locations via auction and organized taxation of their use. They also developed their own regulations to protect the resources within their jurisdiction, through, e.g., regulations on mesh net size and user rights. In 1975, the socialist state collectivized all natural resources, which meant that the management through van chai switched to local governmental organizations, such as the Commune or the District People's Committee (Hong et al. 2000) . Several authors point out that this shift in government created an institutional vacuum through which access and exploitation of the lagoon transferred to a regime of de facto open access (Tuyen 2002) . As a result, fishers took this opportunity to appropriate fixed fishing locations and claim their ownership informally.
A decade later followed the introduction of nylon fishing nets and the implementation of Doi Moi (Fig. 3) . Doi Moi is the name for economic reforms initiated in 1986 with the goal of creating a socialist-oriented market economy, which connected Vietnam to global markets. With nylon nets, fishing became easier, cheaper, and more productive (Boonstra and Nhung 2012) ; Doi Moi policies increased the price of seafood because of increased international demand. These institutional, technological, and economic changes transformed the lagoon, especially because they occurred at a time when the population in the lagoon was growing. The result was that more people became involved in fishing, and more fish was harvested. The number of fishers increased from 5575 in 1982 to 9120 in 1993 (Brzeski 1996) . The number of stake traps increased from 450 in 1984 to 2000 in 1997 (Fisheries Department 2007 , cited in Ho 2010 . The total fish catch in the lagoon rapidly increased from 850 t in 1976 to 2112 t in 1993, whereas fish catch per household experienced a growing decline since the early 1990s (Boonstra and Hanh 2015; Ho et al. 2016) .
By the start of the 1990s, the Vietnamese government introduced and facilitated the development of aquaculture to improve livelihood security and reduce poverty (Fig. 3) . Since then, the lagoon has been used extensively for aquacultural production: aquaculture expanded from 20 ha in 1990 to about 4200 ha in 2006 (Thua Thien Hue statistics office 2007). This rapid expansion caused the water quality in the lagoon to deteriorate (Hop et al. 2005 , Thung 2007 ). The nutrient loads from excess feed, shrimp waste, and chemicals washed out into the lagoon leading to eutrophication, higher levels of coliform density, and higher levels of organochlorine pesticides (Truong et al. 2014) . The deteriorated water quality in turn negatively affected aquacultural harvests, which deepened the debts of aquaculturists (Integrated Management of Lagoon Activities 2006). Moreover, the expansion of aquaculture reduced the locations and size of nursery areas as well as fishing grounds, which together decreased household fish catches . Fish stocks and water quality were also negatively affected by discharges from agriculture and residential areas (Nhung 2016 ) and effects of climate change, such as changing flood regimes (Boonstra and Hanh 2015) . When households failed to find alternative sources of income, they often increased and intensified their use of the lagoon resources to compensate for declining catches or aquaculture yields. Addressing the social-ecological trap dynamics as described here requires an integrated approach that incorporates multiple management, conservation, and livelihood alternatives (Pomeroy 2012). Some scholars (Allison and Ellis 2001, Ellis and Allison 2004, Brugère et al. 2008) argue that although management and conservation can postpone degradation, livelihood alternatives help to reduce pressure on natural resources and improve livelihoods. So far, a few studies have investigated livelihood alternatives in relation to trap dynamics in the Tam Giang lagoon (Boonstra and Hanh 2015, Betcherman and . Boonstra and Hanh (2015) especially point out that income diversification could get the resource users more entrapped. We contribute to this body of literature by using the concept of response diversity to explore in more detail how various local user groups diversify their income activities in response to socialecological trap dynamics.
METHODOLOGY
Our study is based on a qualitative investigation of how income diversifications of primary resource users impact socialecological trap dynamics. We selected three villages, Thai Duong Ha Nam, Dinh Cu, and Nghi Xuan ( Fig. 1 and Table 1), to represent the ecological and geographic diversity in the lagoon, as well as the diversity of primary resource users. Thai Duong Ha Nam and Nghi Xuan are located in the north and south end of the lagoon, respectively, which means that both are close to the estuaries and relatively far from urban centers. Although fixed fishing with bottom nets and fish cages dominates livelihood activities in Thai Duong Ha Nam, people in Nghi Xuan mostly rely on stake traps and earth ponds. Dinh Cu is located in the center of the lagoon, which is far from the estuaries and relatively close to urban centers. Here the lagoon is mainly used for netenclosed aquaculture. Mobile fishing is practiced in all three villages and throughout the lagoon.
In each village, three focus group discussions were conducted with different types of resource users, mobile fishers, fixed fishers, aquaculturists, and net-enclosed aquaculturists. Each focus group discussion consisted of six to eight participants and lasted about 2 to 3 hours. Because most households practice more than one type of resource use, their main income activity was used for categorization in the four groups. The focus group discussion aimed to (1) map social memories of social-environmental https://www.ecologyandsociety.org/vol23/iss3/art16/ changes; (2) discuss how the resource users diversify their income sources to respond to the changes that were identified and how diversification changed their income portfolios (here groups estimated the relative proportion of each income activity to their total household income at different points in time ; As mentioned, social-ecological trap dynamics result in persistent resource degradation and livelihood impoverishment. Whether response diversity in income diversification can dissolve traps depends on whether it promotes resource regeneration and livelihood improvement. To examine these outcomes of the response diversity, we use the two concepts: ESs and well-being.
ESs are defined as "the benefits people obtain from ecosystems" (Millennium Ecosystem Assessment 2005). ESs include (1) provisioning services for, e.g., food, freshwater, and wood; (2) regulating services, such as flood regulation and water purification; (3) cultural services related to, e.g., aesthetics, education, and recreation; and (4) supporting services, such as soil formation and nutrient cycling. For the assessment of changes in ESs, we first asked respondents to list the various benefits that they received from the lagoon and that they found important for sustenance of their livelihoods, ranking the relative importance of these benefits on a scale from 1 (not important) to 5 (very important). For the benefits scored more than or equal to 3, we asked respondents to consider changes in the quality and quantity of the ES.
Well-being is defined as "a state of being with others, which arises where human needs are met, where one can act meaningfully to pursue one's goals, and where one can enjoy a satisfactory quality of life" (McGregor 2008:1). Well-being has three independent components: material, which concerns welfare and living standard via variables such as income, assets, employment, and level of consumption; social, which concerns social relations and access to support networks, services, and resources; and human, which concerns capability related to, for example, education, skill, and physical health (White 2010) . To assess changes in well-being, we first asked respondents to list indicators of what they considered to be a good life and then to score these aspects on a scale from 1 (not important) to 5 (very important). The indicators scored more than or equal to 3 were chosen for the evaluation of changes, i.e., how people perceive changes and how satisfied they are with these changes.
The changes of selected ESs and well-being indicators were identified according to their peaks. We asked respondents to identify points in time when a service or indicator was perceived as highest: for example, when did you notice that the water in the lagoon was polluted the most, or at which point in time did you obtain your highest household income? These points in time were given 10 marks. Then we asked our respondents how the services and indicators that were identified decreased at other points in time. This exercise confirmed the so-called environmentalist paradox (Raudsepp-Hearne et al. 2010) , i.e., that ESs are considered best at the beginning of the timeline in 1985, whereas well-being indicators (except debt) are valued highest in 2015.
To understand in more detail the differences in income diversification among the various resource user groups and how these differences impacted the ESs and well-being, we performed semistructured interviews with 29 households and 10 local authorities at different administrative levels (Appendix 2). We limited the number of interviews with households after we felt that we reached saturation, i.e., when additional interviews confirmed knowledge from earlier interviews (Guest et al. 2006) . Participant observation was also used for triangulation (Laws et al. 2003) . The limitation to only 3 villages and a limited number of households restricts the generalization for the context of the Tam Giang lagoon, which consists of 32 villages, and other coastal areas. Nevertheless, we believe that our case study can highlight important dynamics of the relation between income diversification and trap dynamics of social-ecological interactions in the global south.
RESULTS

Income diversification as response of resource users
Income diversification is a process whereby households increase the number of income generating activities that they employ (Ellis 2000) . As mentioned, the concept of response diversity considers the diversity in response of humans, e.g., resource users. We describe how the four resource user groups identified earlier diversify their income sources as a response to social-ecological changes that were identified during the focus group interviews (Fig. 3 ).
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Mobile fishers
This group depends mostly on capture fisheries for their food and income security. Until the middle of the 1980s, mobile fishers typically relied on only one type of mobile fishing gear, e.g. gill nets, dragnets, push nets, mussel rakes, hook and line, and so forth. However, because of the reduction in catches and the better availability of nylon nets and affordable gear, mobile fishers began to diversify their gear and to engage with other income activities besides fisheries, such as aquaculture and paid labor. However, despite these changes, mobile fishing remains the most important source of income for these households.
This group has struggled with two major changes throughout the last 20 years that have reduced its fish catch. First, it has encountered a substantial reduction of fishing grounds because of the expansion of aquaculture starting in the 1990s. Second, it also experienced a significant decline in fish abundance because of overfishing and the deterioration of water quality. Our respondents commented that in the early 2000s they caught one-third of what they used to catch in the 1980s. These households responded to the changes primarily by increasing their fishing effort. Fishers adopted other and newer gear types, including steel-framed bottom traps (Fig. 5) , catch methods using electricity, and nets with finer mesh sizes. Somewhat surprisingly, our respondents indicated that currently the majority of the mobile fishers almost exclusively rely on steel-framed bottom traps. The reason is that the catches that can nowadays be obtained with other types of gear are simply too low. Our respondents estimated that their income in 2015 relied 60% on capture fisheries. Fishing harder within this group typically occurs because other income opportunities, such as paid labor and aquaculture, are limited. Although aquaculture increased significantly in the lagoon, many mobile fishers were not able to engage in this new income source. The reason is that before the 2000s, aquaculture was based on shrimp monocultures in earth ponds. This system required substantial financial inputs to pay for the construction of the pond, fish meal, and fingerlings. Few households depending on capture fisheries had the funds or collateral to engage in this type of aquaculture production. After the collapse of aquaculture in the late 2000s, a new system was introduced that is based on mixed stocking to lower the spread of diseases, improve profits, and lower the risk of harvest failure. Despite that the financial requirements for this type of aquaculture production are lower, most households are not able to engage because of the start-up costs: "During the collapse of aquaculture, an earth pond (5000 m²) was valued about 10-20 million VND [Vietnamese dong] but no one wanted to buy. Recently, the price soared by 200 million VND per pond but now few aquaculturists want to sell" (head of Giang Xuan Fisheries Association, interview conducted on 27 August 2016). According to the exchange rate in 2017, 1 USD is equivalent to 22,600 VND. Based on our interviews, we estimate that income from aquaculture provided 10%-20% of the household income between 2005 and 2015.
Opportunities for paid jobs are also limited because of the low level of education in this group. Still, household members sometimes hire themselves out as assistants for street vendors or porters at construction sites. However, access to these types of jobs depends crucially on the household's geographic location, i.e., whether situated close to urban centers, and the physical health of household members. As commented by a 52-year-old mobile fisher in Dinh Cu village: "Before I worked as hired labor for about 90 days/year. However, the number of wage days reduces by the time. Employers do not want to hire me as I get older and weaker. I probably cannot get any wages in the next 2 years." A 42-year-old mobile fisher living in Thai Duong Ha Nam village said, "I want to hire myself out, but there are no jobs in this remote area."
Another alternative income on which households increasingly rely is having their children migrate to urban centers in search of work (Box 1). When this happens, children drop out of school at the age of 12, move to cities, and begin to work as, e.g., household maids, assistants of street vendors, or waiters in coffee shops and restaurants. Their incomes are low, which means that they often fail to send remittances home, but at least their livelihood is no longer a cost that the household has to bear. Over time, a majority of these children manage to follow vocational training and educate themselves as bricklayers, carpenters, hairdressers, or workers in garment factories. Paid labor contributed to 10% of the household income in 2005 and increased to 20% in 2015.
Box 1:
Labor migration as coping strategy "My children migrated for jobs" was a common answer of the four user groups portrayed when asked how they responded to degradation of the lagoon environment. However, not all of their children migrated to the same city and got the same job. The number of young migrants increased dramatically during recent years. According to the head of Nghi Xuan village, only about 10%-20% of the children remain in the village to work as fishers or aquaculturists. However, from our interviews, we believe that the proportion of paid labor income increased slightly. As explained by a fisher in Dinh Cu village: "When children are young, their wage and salary are low. It is often enough for their living in cities. Some even ask for support money from their parents. When they grow up and get higher income, they establish their own households [which means that they then need their income to support their own households]." https://www.ecologyandsociety.org/vol23/iss3/art16/ Fixed fishers After settlement on land in 1985, fixed fishers depended completely on fixed fishing. The introduction of aquaculture in the late 1980s changed the income portfolio of this group considerably. Fixed fishers chose to invest in aquaculture to accumulate more wealth. In the early 1990s, aquaculture contributed to 20% of the total income of this group.
The price of shrimp rose substantially since the early 1990s; through the Doi Moi policies, Vietnamese people were then able to supply to an increasing global demand for seafood. The high prices stimulated investments in shrimp aquaculture. Fixed fishers increased stocking densities, from 1-2 to 5-6 shrimp/m², and the input of shrimp food to maximize profit. Several fixed fishers converted their stake traps in the middle of the lagoon into net enclosures. Some fixed fishers in the north and south of the lagoon minimized their fishing or stopped fishing altogether to focus completely on aquaculture. As such, their livelihoods changed from being based on fixed fisheries to net-enclosed and earth pond fish farming, respectively. Between 1999 and 2003, aquaculture produced high profits. Households were able to obtain profits of 100 million VND per hectare per year. At this time, the income from aquaculture could constitute 60% of the total household income.
However, the time of high profits did not last long. Aquaculture collapsed between 2004 and 2006 because of outbreaks of aquatic diseases and environmental pollution. Fixed fishers experienced several years of harvest failures, which greatly indebted them. Households could incur from 50 to 200 million VND in debt. In response to these harvest failures, people turned back to practicing fixed fishing. However, this income generating activity had also become harder because of (1) declines in fish abundance caused by the deterioration of the water quality and overexploitation and (2) stricter regulation from the Vietnamese government. In 2009, the government reduced the number and size of fixed gear by forcing 50% of the gear to be removed from the lagoon. Moreover, the size of the remaining stake traps had to be reduced by 17% (Thua Thien Hue PPC 2010, Phu Loc DPC 2011).
Other income opportunities remained limited. Paid labor in the lagoon was not readily available, and just like mobile fishers, fixed fishers lacked the education and skill to obtain jobs. In recent years, parents have chosen to send their children to urban centers for jobs to earn additional income or to fend for themselves. Nowadays, these salaries supply approximately 20% of the household income.
It follows that fixed fishers predominantly have responded to social-environmental changes through a diversification of fishery and aquaculture practices and increasing their fishing effort. To maximize catches, many fixed fishers also added mobile fishery to their income portfolio, relying on steel-framed bottom traps. In 2015, this type of fishery constituted 50% of their income. The fixed fishers that continue to practice aquaculture abandoned shrimp monocultures and replaced them with a mixed stocking system whereby several species, including fish, shrimp, and crabs, are stocked in the same pond. These mixed systems help to minimize the disposal of waste, because fish and crabs can eat shrimp's leftovers, and reduce the risk of harvest failures caused by diseases, because the three species carry different diseases and thus cannot contaminate each other. Although this form of aquaculture is more robust than shrimp monocultures, it also yields lower profits. Respondents estimated the profits to be 30%-40% lower compared with the profits they enjoyed with shrimp monocultures during 1999-2003. Nowadays, fixed fishers earn 30% of their total income from aquaculture.
Aquaculturists
Aquaculturists used to have fixed fishing as their main income source but during the 1990s switched over to aquaculture instead. The households that made the switch were considered to be economically well off. Their aquaculture acreage was 3-fold or 4-fold that of the fixed fishers (commonly 1.5-3 ha per household).
When fish farming proved lucrative during the early 1990s, many aquaculturalists increased their investment in shrimp monocultures. Investments increased dramatically when profits rose. The profits from aquaculture peaked during 1999-2003, which meant that during this time households could earn 90% of their income from fish farming. When after 2003 this type of aquaculture collapsed, aquaculturists initially reacted by investing more in their aquaculture businesses. These efforts only resulted in deeper debts because the yields did not improve. After 2005, more and more aquaculturists abandoned their ponds in search of alternative income activities besides aquaculture (Box 2).
In doing so, some aquaculturist households managed to earn income from wage labor, approximately 30% (in 2015), by sending their children to work in urban centers. The majority of aquaculturist households, however, remained engaged in aquaculture but diversified their ponds through the introduction of other species and production methods. For example, some households that used earth ponds started to breed fish in cages and vice versa. However, these households never experienced the same profits from aquaculture as compared with what they earned during 1999-2003. Many households increased their fishing effort by using fine mesh nets for their fixed fishing gear and applying steel-framed bottom traps. According to an aquaculturalist from the Thai Duong Ha Nam: "Although we expanded our aquaculture acreage and tried to rely on different production methods, we earn only about 40-50% of what we used to earn with fish farming during 1999-2003. We have to engage more income generating activities to get enough income. Besides applying finer nets to our fixed fishing, we also buy steel-frame bottom traps to practice mobile fishing." Our respondents estimated that in 2015 aquaculture contributed 50% of the total income, while the income of fixed and mobile fishing amounted to 20%.
Box 2:
Dealing with debts in aquaculture "Our family got credit from the bank to dig more earth ponds and to increase the number of shrimp. For this we had to buy more fish meal. With these investments our profit increased up to 100 million VND per hectare after the historic flood in 1999. We kept investing more to get more profit, but suddenly experienced harvest failures in 2004. We tried to get more loans to put in our ponds and expected to regain the profits. Yet we ended up with a huge debt, about 250 million VND. We lost our https://www.ecologyandsociety.org/vol23/iss3/art16/ hope in aquaculture and had to find alternatives. We wanted to get paid jobs as we thought they are less risky than aquaculture. However, it is not easy as there are not many jobs and [the jobs that exist we don't get because] we don't have any skills other than fish farming and fishing. We sent our children to cities but we still need to support them because their wages are low. In the end, we rely on the lagoon resources to survive" (An aquaculturist from Nghi Xuan village).
Net-enclosed aquaculturists
As mentioned, net-enclosed aquaculturists initially worked with fixed gear but converted their stake traps into net enclosures during the early 1990s. This gear conversion was initiated by a conjuncture of successes of aquacultural trials run by state enterprises, favorable conditions for aquaculture, e.g., shallow water levels and abundance of water plants and seaweed, and permissions from the local government to convert to net enclosures (Tuyen 2006) . After the conversion, aquaculture became their main income source. Different from other households in other parts of the lagoon, net-enclosed aquaculturists have better opportunities to earn income through paid labor. The close proximity to Hue city provides them with more job opportunities. Women worked as household maids or waitresses for street vendors and restaurants or ran small business, and men worked as porters in construction sites. Our respondents estimated that during the early 1990s, these wages contributed to approximately 30% of their total income. However, when profits from aquaculture increased, these aquaculturists reduced their paid labor to put more labor into their aquaculture business. They also expanded their net enclosures and spent more money buying fingerlings and fish meal. Between 1999 and 2003, the profits from aquaculture contributed to approximately 90% of their total household income. These profits declined again during the mid-2000s because of the harvest failures in aquaculture mentioned previously. Still, net-enclosed aquaculturists seemed to have been hit less hard and maintained some profit from aquaculture. This difference is explained by net-enclosed aquaculturists in a focus group discussion in Dinh Cu village as follows: "After the 'golden time' [1999] [2000] [2001] [2002] [2003] profits from net-enclosed aquaculture dropped from 50 to 300 million VND per year to 5 to 20 million VND per year for each household. However, we rarely have losses. When an epidemic occurs, our net enclosures can still produce some harvest, often enough to recoup investments. This is because net enclosures are larger than earth ponds which disperses the waste and pollutants. Moreover, the water in our net enclosures is cleaner than that in earth ponds so the disease doesn't spread as easily."
Unlike fixed fishers or aquaculturists, net-enclosed aquaculturalists were able to compensate for the loss of profits through paid labor. Around the same time that profits of aquaculture decreased, opportunities for jobs improved because of the creation of several industrial zones in Phu Da and Phu Bai (about 15 km from Dinh Cu village). In these zones, some parents worked in the unskilled labor force, and children often engaged in vocational training to get jobs that require skilled labor, e.g., garment workers. Because of these changes in livelihood activities, the income from paid labor increased to 60% of the total income. Later, the relative importance of paid labor would decrease to 40% in 2015 relative to the increase of income from fish farming and mobile fishing.
One improvement was introduced at the end of the 2000s when the local government opened and widened waterways between net enclosures. About 40% of net-enclosed acreage was taken back to open the waterways (Thua Thien Hue PPC 2007). As a result of this intervention, households lost 20%-60% of the areas that they used for aquaculture (head of Phu My 1 Fisheries Association, interview conducted on 23 August 2016). However, the opening of waterways enhanced water circulation, reduced pollution, and as such improved yields for the aquaculture that remained. Nevertheless, profits in aquaculture never improved to the levels during 1999-2003. After these changes, the income from aquaculture contributed to 50% of household total income in 2015. The expansion of waterways also offered a chance to earn 10% of the income from mobile fishing, which was impossible before (see also Tuyen et al. 2010) .
From these results, it follows that it is important to clearly differentiate between income and livelihood. A livelihood can exist from several different incomes and therefore involve different income sources and occupations. The conventional understanding of livelihood diversification emphasizes the importance of income diversification, as, e.g., in Ellis's (2000:15) definition: "livelihood diversification is defined as the process by which rural households construct an increasingly diverse portfolio of activities and assets." As can be seen in the two subsequent examples, this definition is adapted in much of the literature on diversification in fisheries (e.g., Coulthard 2008 , Kasperski and Holland 2013 , Olale and Henson 2013 , Finkbeiner 2015 (Kaperski and Holland 2013 :2077 -2078 It is clear that the responses described, i.e., fishers using various new gear or fishers shifting to aquaculture, count as examples of income diversification according to its conventional understanding and definition. Subsequently, we will describe how this type of income diversification impacted people's well-being and the resilience of lagoon resources and ecologies.
Changes in ecosystem services and well-being
Changes in ecosystem services
ESs that respondents believed contributed directly to their income were selected to evaluate their changes over time. These ESs included aquatic species, water, fingerlings, and sea grass. Aquatic species include fish, shrimp, crabs, and oysters, which are fished https://www.ecologyandsociety.org/vol23/iss3/art16/ for cash and food. Water and fingerlings, including juvenile fish, shrimp, and crabs, are used for aquaculture. Sea grass is harvested for cash and fodder for aquaculture. Changes of these ESs were assessed according to their quantity (aquatic species, fingerlings, and sea grass), quality (water), and size (aquatic species). The status of the ESs in 1985 was used as a baseline for evaluating the changes.
All of the resource users indicated a significant decline of the key ESs between 1985 and 2015. However, the rate of decline varied depending on the type of ESs and the timing. In general, the rate of decline increased dramatically between 1985 and 2009 and leveled off between 2010 and 2015, but respondents believed it would increase in the next 10 years, as illustrated in the following comments:
In Aquaculture was struggling with similar problems: "Due to water pollution, it takes longer and longer to catch fish and shrimp in culture ponds and pens with a size that you could sell. More and more die early" (claimed by net-enclosed aquaculturists).
Since the middle 2000s, the provincial government has tried to halt the degradation through comanagement (Armitage et al. 2011, Armitage and Marschke 2013) and reduction of exploitation efforts. So far, these interventions have not appeared to improve the situation (Ho et al. 2016 ) because households continue to be highly dependent on the ecosystems in the lagoon. Without alternative livelihoods, the exploitation of the lagoon remains high, or in the words of a fisher in Nghi Xuan village, "We starve if we do not fish hard."
While the use of fixed fishing gear was reduced by half in the late 2000s, mobile fishing gear, especially steel-framed bottom traps, grew exponentially. Both fishers and aquaculturists tried to compensate reduced catches or profits by increasing the use of this type of gear. In 2005, there were 30 households operating 100 steel-framed bottom traps (Thua Thien Hue Fisheries Department, as cited in Duyen, n.d.) . In 2009, there were 2399 households using 133,988 steel-framed bottom traps (Thua Thien Hue PPC 2009). To halt this development, the provincial government wanted to reduce the number of traps to 107,700 by 2010 and 75,600 by 2015 (Thua Thien Hue PPC 2009). However, efforts to achieve this goal have so far failed. In 2014, the number of steel-framed bottom traps in only two districts (of the five districts in the lagoon) were about 140,000 (Phu Loc DPC 2014, Quang Dien DPC 2014).
In addition to the increased use of steel-framed bottom traps, fishers also did not comply with regulations regarding the legal mesh size of these traps, and the government was not able to enforce the regulations. A district official explains this noncompliance as follows: "Fishers using steel-framed bottom traps have mesh sizes that are smaller than 9 mm [9 mm is the minimum size that is allowed legally]. But, we cannot penalize offenders because we don't have the means to enforce penalties due to a shortage of human resources" (interview conducted on 22 September 2016).
Moreover, the practice of using steel-framed bottom traps also pollutes the lagoon with toxic chemicals, because the fishers use bleach on the traps. Apparently, bleaching traps improves their fish catching ability. It is estimated that more than 150 kg of this substance has been released directly to the lagoon every day since the early 2010s (Linh 2013 , Khánh 2016 .
Considering these changes together, a provincial state official is pessimistic about the near future and describes trap dynamics as follows: "Given the current number of steel-framed bottom traps and non-compliant use of mesh nets, the lagoon resources definitely continue to be degraded and resource users will fall back into poverty in a near future" (head of the provincial department of fisheries resource exploitation and protection, as quoted in Hằng 2012).
So far, we have only considered changes in ESs that originate from within the lagoon system, as, e.g., with intensification of fishing or aquaculture practices. However, history has demonstrated that the lagoon is often also subject to external threats, such as natural disasters (flooding) or pollution through industrial waste (Box 3).
Box 3:
Pollution as an external threat
The impact of external threats on the sustainability and resilience of the lagoon is illustrated in the following example. In 2016, fishers and aquaculturists almost failed to earn an income because of industrial waste discharge from a Taiwanese steel plant, Formosa Ha Tinh (located 400 km from Thua Thien Hue province to the north). As reported in the press, this steel plant illegally discharged toxic industrial chemicals to the South China Sea, from Ha Tinh province to Thua Thien Hue province (Vietnamese Government 2016). The discharge in turn triggered massive deaths of marine and aquatic species. More than 100 t of fish washed up on the coastal shores of four provinces; about 215 t of aquacultural species died, e.g., shrimp, fish, and shellfish (Vietnamese Government 2016). Moreover, the impacted provinces lost 1600 t of fish catch per month (Vietnamese Government 2016). In the lagoon, fishers almost stopped fishing for several months, and aquaculturists suffered severe losses because of harvest failures and lack of economic demand. Fish prices plunged immediately after the disaster because consumers were skeptical about seafood safety. With respect to this situation, a fisher remarked: "We played cards or did nothing at home as there was nothing to catch and no other jobs to do." An aquaculturist pointed out: "I had to [discount] sale my saleable size fish and accept the loss as I could not bear daily costs for aquafeed while waiting for the price to increase." https://www.ecologyandsociety.org/vol23/iss3/art16/
Changes in well-being
To start with, it should be noted that the research discussed people's experience of well-being in retrospect for the period between 1985 and 2015. This means that at a particular time during this period, well-being might not always be considered as improved. In particular, our respondents experienced a decrease in well-being, e.g., income decline and increasing debts, in the middle of the 2000s because of failed harvests in aquaculture and diminished fish catches. According to our respondents, four key indicators influence well-being or "a good life": income, the size of debts, housing, and ownership of household appliances and furniture. Despite differences in perception of the changes in the lagoon at different points of time, our respondents agreed that their well-being generally has improved. Their income, housing, and quantity of household appliances and furniture have increased, and debt has been reduced. According to the Nghi Xuan village head: "Our life nowadays is a lot better than it was before. People earn five to six times what they used to. As incomes get higher, people build new houses and buy modern house appliances. All villagers now live in stone houses which are much nicer. They have color televisions. Wood stoves which produced a great deal of smoke and cinder were replaced by gas stoves. The majority of the households have refrigerators to store food. And for getting around people use motorbikes instead of bicycles or walking."
People were satisfied with changes in all the indicators of wellbeing, except for income. Although income progressively increased after the mid-2000s, the satisfaction people experienced remained constant or even decreased. Respondents indicated that they felt that income improvements might not be sufficient to ward off the growing decline of economic efficiency in fishing and aquaculture, as the costs of household expenditures increase. Mobile fishers in Nghi Xuan village explained: "We are not saving as we used to do although we try harder to increase our income. Before the mid-2000s we spent 3-4 hours on the lagoon and used 20-30 gill nets for fishing. At that time, we managed to save money, which we used to build houses. Nowadays, the fishing effort and the number of gears that we use have doubled, or even tripled. We even use more expensive and more effective gear, such as the steel-framed bottom traps, but our income does not grow much. Meanwhile, the prices of food, clothes, electricity, school fees, etc., increased at least double."
In summary, comparing changes in ESs and well-being indicates that although natural resources have deteriorated over the last decades, well-being has improved. At first sight, this would seem to make social-ecological trap dynamics irrelevant for the Tam Giang lagoon, but as the respondents indicate, there is a clear interdependency between natural and human capital. The decrease in natural capital, indicated by declining ESs, has until now been offset by improved fishing technologies, improved market access, migration, and better opportunities for wage labor for certain groups (net-enclosed aquaculturists and some mobile fishers). However, judging from recent experiences, respondents now believe that any increases of profitability through, e.g., rising seafood price or improved catch methods, would fail to compensate for the decline of fish catch and aquacultural yield.
DISCUSSION
Resource users in the Tam Giang lagoon have diversified their income sources in various ways to cope with reinforcing feedbacks between ecological degradation and livelihood impoverishment. Most typically, parents continue working in the lagoon as fishers or aquaculturists, and their children move to cities in search of work (Box 1). At a community level, different user groups, depending on their own capability, e.g., access to natural resources, physical health, and education, and available opportunities for paid labor, acquired different income sources and portfolios. To generalize these responses, fishers started practicing aquaculture, and aquaculturists got involved in fishing. Apart from fisheries and aquaculture, these groups also engaged in paid labor, albeit to a limited extent.
We confirm that these strategies of income diversification helped to improve resource users' well-being. However, this improvement seems brittle from a social-ecological perspective. Our results indicate that resource users' well-being deteriorated whenever there were changes related to the lagoon ecology, such as during the collapse of aquaculture from 2004 to 2006 and an ecological disaster in 2016 (Box 3). Moreover, we also demonstrated how improvement in well-being through income diversification has been achieved at the expense of the sustainability of lagoon resources. What do these results imply for the assumption that income and livelihood diversification can resolve trap dynamics in situations of poverty and environmental degradation? How can our results help to further qualify the understanding of income diversification as a means to overcome social-ecological traps?
To engage these questions, we analyze the three independent aspects that determine diversity as defined in the literature: variety, balance, and disparity (Stirling 2007 , Kotschy et al. 2015 . To reiterate, variety refers to the number of elements involved, balance refers to the relative proportion of each element, and disparity concerns the difference between elements. The elements under consideration are the income activities as identified in our case study. We operationalize these three aspects as follows (see also Kotschy et al. 2015) .
Variety is the number of income activities available, including fishing with mobile gear; fishing with fixed gear; aquaculture, including fish cages, net enclosures, and fish ponds; and paid labor, skilled and unskilled. Of particular importance is the introduction of aquaculture in the 1990s and the introduction of varied fishing methods, i.e., nylon fishing nets, steel-framed bottom traps, and so forth, which importantly diversified income opportunities for many households. Moreover, our results also demonstrate that household incomes more and more rely on paid wages, often in the form of remittances. Resource users generally maintain a highly varied portfolio of income sources.
Balance refers to the apportionment of these income activities, i.e., the extent to which each of these income activities is practiced and contributes to well-being on a household level. From this perspective, it is clear that earnings from fishing and aquaculture dominate household portfolios. Our results indicate that only a minority of households can tap into substantial income sources that are not related to lagoon ecologies. Because of a lack of paid job opportunities, the only option open to local users is to intensify their fishing or aquaculture. This response is especially clear in the case of households that use mobile gear. In responding to decreasing fish abundance, these fishers nowadays rely almost exclusively on steel-framed bottom traps. The limited ability to create and act on opportunities for income https://www.ecologyandsociety.org/vol23/iss3/art16/ diversification and livelihood change reduces overall response diversity for rural households in the lagoon. According to Kotschy et al. (2015) , (un)balance can be related to the relative power that human groups can apply. Further research would be needed to ascertain how inequalities in terms of economic, cultural, and social capital (Boonstra 2016 ) would constitute power for the different user groups in the lagoon.
Disparity is interpreted as the differences in the degree to which income activities draw on ecological and social resources. In other words, disparity concerns whether income diversification is based on resources other than those from the lagoon. Using this interpretation, the disparity in local usage of the lagoon is relatively low because of the dominance of fisheries-and aquaculture-related income activities. Despite the diversity in gear and structures of fisheries and aquaculture, they all depend on the same ESs from the lagoon. The vulnerability stemming from disparity becomes especially clear during environmental changes. History demonstrates (Box 3) that livelihoods, despite recent improvements, can rapidly decline because their income portfolio continues to heavily depend on a few functioning ESs (see also Steneck et al. 2011 ).
The focus on the three aspects of diversity helps to clarify how high variety in income activities does not necessarily lead to an escape from social-ecological traps. Although variety in income activities in the case of the Tam Giang lagoon is relatively high, the balance is uneven, and the disparity is low, which overall limits the potential of income diversification to contribute to the resolution or mitigation of trap dynamics in this case. This finding contributes to ongoing efforts to further explore the interplay between human response diversity and social-ecological interactive processes, in particular for small-scale fisheries and aquaculture in the global south, which often experience reinforcing cycles between poverty and ecological degradation. Income diversification is often proposed in this context as a way to improve household economies and decrease the direct dependence on natural resources (Allison and Ellis 2001, Ellis and Allison 2004) . Especially within fisheries, the diversification and combination of target species, gear, and fishing grounds are often considered as salient strategies for poverty reduction (Olale and Henson 2013), climate change adaptation (Coulthard 2008) , and risk mitigation (Kasperski and Holland 2013, Finkbeiner 2015) . Although diversification can doubtless serve such purposes, our case study of livelihood change in the Tam Giang lagoon calls for closer attention, especially to aspects of disparity and balance related to income diversification. It triggers questions concerning the relative proportion of each income activity in a household, but also how activities are (differently) connected to natural environments. Income diversification can only sustain natural resources and improve human well-being if it truly transforms livelihoods by connecting local users in new ways to ecologies and societies, e.g., engaging them in livelihoods that draw on other lagoon resources, such as when income is derived from agriculture, keeping livestock, and paid work. It follows that the concept and idea of livelihood diversification can only become useful for sustainability science and assessment if it can be clarified how income activities draw from and impact ecological resources.
CONCLUSION
In 1987, the Brundtland Commission placed self-reinforcing feedback between poverty and sustainable use of natural resources high on the political agenda. Thirty years later, it is well accepted that these situations should not be simplified as remorseless tragedies (Hardin 1968) , but that complex causality characterizes social-ecological traps (Nunan 2015) . Trap dynamics are profound when natural resources are commonly owned and managed (Cumming 2018) . This is an important reason why small-scale fisheries and aquaculture in the global south are primary production activities that particularly suffer from persistent poverty in combination with ecological degradation (Kittinger et al. 2013) .
Studies have demonstrated how income and livelihood diversification is an important strategy of small-scale fishers and aquaculturists in their response to trap dynamics (e.g., Campbell et al. 2006 , Muallil et al. 2013 , Boonstra and Hanh 2015 . Based on these findings, livelihood diversification is often held up as a salient method for coping with traps, and possibly even preventing or escaping them (Allison and Ellis 2001).
We have built on this literature to further scrutinize the effect of income diversification on trap dynamics in small-scale fisheries and aquaculture in the global south. For this purpose, we applied the concept of response diversity in a case study of livelihood and income diversification in the Tam Giang lagoon, central Vietnam. We demonstrated that having various incomes and livelihood portfolios contributed to increased well-being, but these forms of livelihood diversification continued to rely on similar lagoon resources, which in turn left the social-ecological trap intact (see also Stoop et al. 2016 ) leaving livelihoods vulnerable to sudden environmental changes from, e.g., flooding or pollution.
Using response diversity as an analytical lens enabled us to qualify strategies of income diversity in terms of their variety, i.e., how many income activities are possible; balance, the relative contribution of different income activities to the total income portfolio; and disparity, how income activities draw on different local ecologies. From this analysis, we concluded that the income diversification occurring in the Tam Giang lagoon does not contribute to the resolution of trap dynamics. Although there exist a variety of income activities, in reality people's capacities and opportunities are limited, which means that they continue to fall back on only a few basic incomes. Strategies to obtain an income from fishing and aquaculture are being continuously diversified by utilizing new techniques, new target species, or monetary investments. However, these main income strategies continue to strongly rely on a limited number of lagoon resources and habitats. The overall unbalance and low disparity in the livelihood portfolios of households in the Tam Giang lagoon limit the potential of income diversification to contribute to the resolution or mitigation of trap dynamics in this case.
This finding demonstrates how income diversification can contribute to the resilience of rural livelihoods, as well as the resilience of social-ecological traps. Although the former is deemed desirable from a development perspective, the latter is not. Attention to response diversity helps to capture these two dimensions into one perspective. 
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